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A decision-based approach to

concurrent design

Far;-akh ."t'f:'.~.'rrc(', Wcu're.'1 Sam}: and Bert Bras

_\|m]|;fn_;;nn1l1llI¢|‘-|1:_1nL‘\J unm‘ui'rctal design rcqulrcs an lmlnsnc zlpprnuch than
Integrate: tin: rcprcscnmtion, Imirlatgcmcnl and 11I'¢-ccssiilg ul inl'nr:11ulInn.
!nt::gr:1l'mn1s pumsiblr: lhrough Ihc ‘su1I1s.1arL1I?.'JI"mn' nI' infnrrII.'m't1n r11anngc—
men! urthin at design [1rm'<::.>.'. We approach sl:1nd:|rdi?.:Ili(\n from [he
pcwepcclix-c n1'dccieainIl—hu.~a::d ;lu5ig_:1[I'}Il[)]_ n::n1a:1_\'. that 'lhc priIn;IpuJ rult: uf
an engineer. In Ihc dc~a:_L_:n M an ;u'lI1';|u.'l. is 10 Izlkc Llcci.-+1uns'. Ul\'Cl1 Ih;:I
Llccjeiuns urn: fuuI‘J:Jaliuu:.1I_ we unable L'LII1L‘l1l‘l'L'I1l design processes lhl'£_31.l[.‘_}'| lhs.‘

\'Lrnuh:1I1cmIs ;1n;1]_v~;i-a. :s‘_vn1I1C_~n.~e and rc~:oluliun nfInLI|Iip1c u.1a:t:I'\'mIIh.
In thrs s:}1:mIcI. we tl1|['\3dlII.‘L’ 1h:.' !'L1m1:IIm.'m;1l [)ill'(Jt|i3‘.l11§- of DB[') and

dcscrzlmc :1 dcci«.+ioI1—|1;:.<cd dc.-.n_:n rncI!1m!ning._\' I::i|}Cd Lhc da.-ci:«io|1 mpporl
pruhlcm technique [D5]-‘T1. Spcuific:1l1_\', we .\1:IrL by nrmlding .~au:11c hack-
gmund and 113- stating the ;mnn1s nccdcd In cl1nI':1cIcr'm: ‘¢|cc1.~:inn_'~‘ as
dud-:1-an nuppurl pml1lcrnsIDS[‘.~:|. lllirmlllccd nut is [he I'urm:JI ~e_\'11l;1x and
~'-.-suzsntnm or [).‘iPs. This grcilcrln; pmlocul cnsurcs lhu upp|iL‘ah|l:'ly of the
DSPT acre»-..~; varying dor'nau'n.- of zupplicaltiml by prmniing uniform and
slrm.‘|lIl‘t?d muppiligs between the designers" \-icu.- ml‘ Ihc wnrld and [he
Imflluuiur syntax neudcd to fztcilitulc solution. Finally. we r:Ic.~'cm some
L-..t.umplcsfrun1 111:1:-ir1:: da-_s.1g1: ln :.-xp[in:;uu.- uur :s.ppm:u:h_

EH SHIP I)f£SIGN (,‘»\5[‘ STl_.I'Dl[iS N(_)MIiN(,‘l_:\'|‘l.?RE-

\:=.Il'1CIb[('s_'

L nr LBP length hL'tw::cn pcrpcmlicu|;1r.<. in rnctcrs
13 or BEA M .~.hip design beam in nmlcrx

L “T “R-'\|"|' ship dc-:.ig_n Llratft in rmm.-rs
F (Jr DEPTH Eihlfl design depth in tnetc-rs
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Cu 0!‘ Cl’ pri.-tntatic etictticgcnl
[ship's hull} : _ D“l7'l3°|‘-’d rultm;

Cw 01' CW tvaterpla nc coetlicient Mldfihlp mm W11
{shit-‘s hum = !‘’:*'?:P_*1=Lrg

“:3 lo ‘ ti‘ t . F“! .

LCF miiiflipina Mm °f h”"’“"°’ '“ ‘WIS form-
:0"l-‘:ja:ll:ti1l:i:nal center of flotation in mctmlmwy.

SDKH . . i . I -
VK T “j”"_1*"d ll?!-Ltllllbetwecn decks in meters
“(CR maximum :itl5la.lI1r:t:l speed in lmm

CI‘.|dUl'IJ.l'.|i.‘t? in k_n0{_q

Other parameters:
CODOG . - . - . _ .

|.0mb1l'IdIIt)n o_l' dtesel engine [for \«’l((‘R| or gas turbimtgs
C VKJ ' Pmnulston plant

ODAD combination of diesel en
VKJ -~ propulsion plantCOCA ' ' . _

G ‘\°(°"‘b'"‘“'°“ °_l gas turbine and gas turbine llor VK(Tllnr
GM Kl ' P1'°Pt.Ilston plant

Vertical distance bet ween the center oi‘ gravity and tttetneVerse me-tacenter -

°C0I1Dmit: return on investment -

gitte and gas turbine (for Vflfljltu

ROI

8-2 OUR FRAME or REFERENCE
H ‘ ' ' - . .

“:F:"" Wlgfgtion that to lt’tcl‘I2£1SC‘ both the clfieiency' and cfl'ectitcnrss‘t
mg“ a c°“‘"1"P0l'HI'}' paradigm for design is needed. WFW

mm H“ Pefslkictivc of decision-baseti design. Thewhich a-ago ,
ml’35595 Systems tlttnlring and embodies the ideas of cuttrcttrttfi

,thc":::'l‘m'1_S for the life cycle ts based on the foundational prctttntttllfil. fan en ‘ ' .1 - . - .mtt
deem” , _ 0 gtneer. in the design of an tiflllt1t.l.|.‘l to I
mnjuplrf d‘"“°‘“‘”**= f-‘0nt:urrency by the simultaneous solutiotttt

anal gisom and lhrflflgh the integration and holistic trt&l|'fl¢l““_
pwlminifith and..sy_mh°-''l3- 3}’ I-‘Twice. wt: focus on the early SIHF‘
liuliwd to applljml .-nus 13 '10! to say that the tools we develop and ct‘IT|3.l°.""- catio ‘ ' . . -

onrlyxmyg is ma! “*1:filfélfl:12 early stages. _0ur motivation to tnserhatttt

or '5“ 1“-°d“°°d-‘At the some time. the knowledge about tlt¢°bl°“
9|‘-‘ in knowledge is characterized ill‘

will "'lf0fl1'tation into hand‘ information. By 80“ 35””
qualitative information that stems lr-3"“

Our _lruim.» of rtflitrertn» 129

designer's judgment and experience whereas hard information tends to be
mgctl on scientilic principles and to he tttorc quantttatttvt: In nature. Ciivcrt
mi»; nature of design itilorntattiort. what it concurrent design approach
mcllittttes is ‘to know‘ more about the desigtt early on. that is. ittcrcusc in

q.1;;lit;t|i\«'c ratio of hard to soft information. This reinlivc irnprovemettl in
the quality olinlorntution is expected to lead to equivalent or better tlesigns
that are uotttplcted in less urnc and :31 lC.‘iS cost than those designed using 8
trttditionul .-tcq uentiztl process.

£.‘omp.trcd to traditional engittecring design in which :;_vrtthesis of the
product plays the central role. the dominant fcttturc in concurrent engineer-
mg is the synthesis. of the process which includes design. tnunnfucture und
support aspects]. With the syntliesi.-t of the process. it is expected that the
rynthcsis of the prod ucl will lbllotv n:.t1urttl|_v. Ccrtuinlv some uspccls ol' the
design are by necessity pursued sequentially. For cltumplc. the preliminttry
design event will generally follow the conceptual design event. What we
t1tc:tn specifit.‘:tll}' by the synthesis of the process and concurrent design is
that the dctrisiuns that can be .\ll't'll..|llilI"l|..'I.‘J|..|5i}' resolved arc‘ sirnultatncously
resolved. lttdced. what we seek is it holistic integrated model that yields :1
:iOlullOti to all of the relevant decisions sltnultttncously.

Given this argument anti as evidenced by the host of dcrtiglt rcscttrch
inititttivcs being undertaken worldwide. dcstgn scicttcc is on emerging
discipline and the attitudes tomtrd design are cltatttging. The luttdatnctttul
reasons for this can be attrihuted to two .\;i[lgl..ll:ll‘ events: at new emphasis on
_tystcms thinking. and the pervasive presence of computers. However. inde-
pendent of the approaches or ntctltod.-; used to plan. establish gottlti and
model systems; tlesigtters are and will continue to be involved in two
Primary activities. namely. processing symbols and making decisions. So.
wltut characterizes a decision?

The characteristics of decisions are governed by the chttrttcteristic.-t of
design at real-life cnginccrittg systents. These cltuructcristic.-t may. in part, be
summarized by the following descriptive sentences:

I Decisions involve information that comes frotn different sources and
disciplines;

I Decisions are governed by multiple measures of merit and performance;
0 lllil the information required to make :1 decision may not he i1\r'itll‘:tblI..'I
| home of the information used in making .1 decision may be hard and

some mlorrntttion may be soft; and
'|hc problem for which at decision is being made is irtvatriabty loosely
defined and open.

Virtually‘ none of the decisions are chttrttcterizcd by .1 singular. unique
5°‘!-“‘0I1. The decision solutions tire less than optimal and are called
5‘”'_5“'~'lT|E solutions.

“Om a decision-buscd design perspective. decisions help bridge the
ship between an Idea and reality. They serve as markers and units of
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communication to identilv the ro - . .

through implementation in termiinafirtfisthlggd“[Th:yd::;Ig:.'tmm'Ml
dependent and dontztin-independent features. Focusin I l
‘° 3 defififiplion of the design processes written in gum” drum“
for teams from the various disci ' i i 3' c°mm°"""1tIIz

' ' Pi'"°9 3 language useful in it: "RN!
07 designing Our form I ti-r ‘ ‘ . . .
t'KamaL ct uf.. I937: Mis:iree:*tuiii.|oi198(‘i?fl'the mm designing ‘Hunk

D39-ignillfl is at process of ‘ - ‘ ' r . - .

"aids ‘ind 1'9‘! Uircmcnts loin: :1cr[riiinu£i:I"in‘ii-3nl:t‘!ritIiitl'1[cii:,‘¢E :hh: . . . . U I F L
In this definition, we u ' ' " '

believe that perhaps t
Processes themselves.

so the term product in its most gene:-31:31.1
he most significant design products math‘

3.3 THE DECISION SUPPORT PROBLEM TECHNIQUE

gar ;':fl:m¢:|la'l;:.)fl of decision-based design can take diiientnt Ittttn-iii
being devciii 0:? "’.° ‘*"""""" '5UVP°ri Problem technique tD3.1’tii=
suppon for E‘ "“d_'"1Plf-'7'!“-‘n_ied. at the University of Houston. to innit
three pfinci rum“ Judflmiml In dcstgttirtg systems. Tltc DSPT 00$ Ii
“ appmacza !.c°"_1p°n‘_’“'js‘ 3 ‘R5187! philosophy rooted in systentstltittht
maps,‘ and mor Idenut}-mg and formulating decision support---pmbin
"J 3 5"PP0rhng software. DSIDES. The DSPT comprises-I

' namely‘ a mel“*d35iBl'| phase and a computer-based design |1lIfl

32:11:-idE§ign is 3‘ m°ml°"‘3i Process of designing systems that itittfttflfi
- - - '°“mi" "'3 5’$‘SiI=m for function. partitioning the designit set of doc‘ ' - ‘ . _ .

will be mad:'‘“''‘ and Planning the sequence in which these denim:
F . - ..
or metnedemgfl to represent dynamic partitioning and plannnifl

Place on meta is derived from the work of Klir [Klit Iiii
meta can have three meanings:

3 at,‘,,m_,_ . _. _ - . X is a prercqttisite ofrnfllflxi
T|1~‘-.1-I X indicates that X changes and is a general nalflf-'°””

_'._ ab.‘ E" __, . _ _
i ' mm X “aha” l5"P¢|'i¢3T 30) X in the sense that it isntotihgi-9.l‘£3!li;zed_'. _ - _. . .

mghw “B1031 type or viewed from an ertlargcd WWW
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unplcrttcntcd in Phase II. in Pltaratr ll ldcsign]. tnajor decisitnns are modcleld
_,_.- f)SP,~. and solutions to these [)SP-s are sought. Phase I of the IJSP1 Is
l1EI5t.'t.l on the primary axioms of DB0. These axioms map the particttlar
dcsien tasks to cltaractertstic decisions and provide :1 domain-independent

[1-;uT;LI“'ufk for the rcprcscnttltioit and processing of domain relevurtt design
ititurnration Iliamal. I990]-

.-tvtiom I Existence of decisions in the DSPT

The application of the DS PT results in the identification of decisions
associated with the system (and st.tbs_\=stcms that rtiag.-' be relevant).

Antoni-3 Type of decisions in the DSPT
Ml decisions identified in the DSPT are categorized as Selection,

Compromise. or 11 combination of these.

Selection and compromise are rel'erI'ed to as primary decisions. All other
dccii-“tons which are represented as at combination of these are idcntilieti its
dented decisions. The selection decision. in the context of the DSPI. is
dciincd as follows.

Definition—l The selection dccitiion

The selection decision is the process of making a choice between is
number of possibilities taking into account a number of measures of
merit or attributes.

The emphasis in selection is on the acceptance of certain ulternzitivcs
through the rejection of others. The goal of selection in design is to rr.-duce
the alternatives to a realistic and manageable number based on ditTcrr.-111
measures of merit. These measures. called attributes. represent the functional
requirements and may not all be tllcquztl importance. Some of the attributes
may be quantified using hard information and others may be quantified
using soft information. Similarly, the compromise decision. in the context or
the DSPT. is defined as follows.

DI:tinition—2 The compromise decision
The compromise decision requires that the 'right‘ values (or combina-
tioni oidesign variables be found to describe the best satisticing system
“W811 with respect to constraints nnd rnuitiplc goals.

_ The emphasis in compromise IS on modification and change tc.g.. dimen-
“"“i*l Wnthesisl by making appropriate tradeol’fs based on criteria relevant
I" "1" f°‘*“ib*l51.\' and performance of the systen1.

The second axiom is explained using set notation. The set of all primary
‘W-‘i|<llr|s in thc. DSPT is given by. Decfsiort==-:S.C:" where S denotes
Selection and C denotes (Tomprnmise. All derived decisions result from
"Pe|‘fl1iuns on this set. some derived decisions are illustrated in Fig. 8.1. The
“““Pli=d selection-compromise decision [Fig. 3.19) is represented by the
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E"”mPh3=" Or derived c1:.*::i>:iun.-;.

“'h$‘T€ 3 land (' arc cmttainud in the set DI'{"J_§]l\l|. action .-ac action dc::i-mntFi R Ibt'- - .1}.-[he 0 ml In ' I H. E g. .. I:- rL}'|t':.sLt!tc I.
CS5‘? 55?‘: 258.5}. A |'ItLl‘dI'L‘hlt:‘£!l decision ihg‘ gm ,'5 33pm-L.m1h_._
DSPS d_m~ - Jl \I_-here SS 15 as dclmcti above. The cliicttcv mi" usinstuouplcd

A mm"'a;‘~"5l°,dA“ fKafandtk:1r. at a!.. l')9|: Karurtdtkatr and Mislrcc. I991!
J’ I Mom--I and Axiont 2 links the decisions to 1)SP~.

C°'°“‘*'>' *0 Axiom I and Axiom 1

Axigm _3 _ .. .

The descriptnrmdm md"'P°!1Llr.'-n-2:: of DSP descriptors and keywurds
independent WEE“: ‘5“3S'“-'0rds used to model D5 Ps need to he diminu-

rt mdcpcndcnce of the means In re-sulvc USP.»

supportlnced to Scd m "’5“""’ D595 [to actually ['Jr0\"ldt'.‘ decision
' ' ' ' P9l'Idct'tI with respect to prm:csscfi If-F

- maintenance) and disciplines I-.-.g.. m0€h3“i"-

 

Thy d(!('r'$i'nn \'ti_r=pm'r _rIrmi‘rt':’.'H'l n:n'1itiqrt:" I33

Summarim.-{I in T.'I|11c .‘<.l an: the |i:c_v\\nrd.- and dust.‘-ripIur.w i-vi-itictnietl
with the .'iClL'(.'»i.II.3I'| aml ::.m'n|1m|nisc D.‘5I’:4. 'Il1:: kL'_\'\\l‘rI‘dh (in: tin: ‘t-crh-;'
[hm ¢|;p_;_»-.;'[_\- rhmttltlt rcicxzint ir1I'nrm:ttim1. and itirstlliit thu rt.'l:II|itl1't'.I‘tt|'1'u
hwm_.n “ml infm-nmiioiu, In this I}Sl’s Iisluti Ill T'.i|'t1¢ H21. the kt-_\'t.-tursi
‘mt.-u|1‘is u hc;tdit1[1 ttndcr which the h.'lt.‘I\'gI't‘l1fI(1 or krtmtit :|1I't.\nn:tItu|1 is

l«_mup¢d_ Kc_v\mrd.-s cInhm1_\' in titcm.-aches thu duntnirt intlcpcttdtsitt ‘pm-
L-L«,|u;;;|Lg|1n\t'Icdgt“‘ fur I)Si’s. I)c<CrIptu.irs an-. ubtccts nI'guItizx:d Ulldcf lllu
;cict';tnl ku:_vwurd.~e withirt thc USP i:.trrt:u|:ttinn. .'\_t_.{dI|"l. the) ztixn help
:;3n_\'fi!i'l'I'l the prnhicnt irnm itx tJi.\Ci[3iiltt.' npcctltt‘ I.lt.‘.‘it.'l'i'pI'i.t1l'l to it tii~u:i-
plinc iitdcpcndmt rcprc:;unta|tt:.m. Fur c.\i..tn1ptc. to SCICCI it tmttcriul lt:.~iI1_L’
the .v.‘tct"tii\rt l).‘iPt hztscti nn "~t1'(.'Tt_t_!lI'|. cnlnr .ll"|d cost. the rnutcriul choice:

:in: iixlctt :15 ‘:t1tcrI1:1ti\-“cs” and the 5:.'ict:Itm1 criteria KIN" ‘.ttIrihutcx". l)::.~.t.'rip-
]fll$ n:prc.w‘cnt 'dec|;1ra|ti\-c knrwt.'icdgc‘['tR1i:I1. IUHF}.

Table IL! DSI’ |:c_\'m\rd-s '.tnu.| (In:~'«.'r1']'It-n.~

DSP K:‘_|'u'nr;."_s Dam rig-Inn

51:14:-mun (_i:\'L‘t: L".'mdi-.i.'r't:: .|Jtt'rrr.tltw."-
istcilttig. .-\lIt"tl|tItI.‘.\

Rt.'I.'1l1\-I.‘ Iinpnrt::uL‘c
RitlL' .\|tt‘rrt;itIn'5 \\.[.1. uttrihutus
R tint. Unjct of prctbrcttcu

Lhmpruitti-‘ac (iiu:-I1 lnll-rm-nlmn
|"iI1t| St.-.lL'nt \:Irru["|Jc:t

Dctntttnn v:Iriuh|ct-
Srtltsf} ."}_\-.\ta:m t:0n\ir'.ti:1ls

5-_\ iif.-t'.m §_‘f.3uI3
I}:-untit.

Vfiliilltilt‘ I};-v1'.'ttmn 'rtlt1.L'Eltlil—j_. 

.-hittm--1 {Tm} SI2t:t’t'I $L‘1i-{Evident as 1’tt;1n_\' '§t’.J]Llli.Cil1 lccftntqutzs tu_'.g._ ltncur
i'm§Tf|flIl11iI1g. nunlmcar upttntizzttimt and expert systcntsl :1r:: atpplicttbli:
“‘ Pfvblcms [mm different dtttnuins. Hot;-uu.‘r. this cnnditiuit supple-
tntntfi stxinm--3 by stating th:Il dt?L‘i:a'it.!tl support nmdcls using domain-
"'*1€Nnt1ent L'Dtt.s'l1'I.I£'l5 ahnuid ht: suit-cd lI‘t it donutit:-intlcpcitdcittmanner

To tuuilimtc the dcqign at cngiitccring 5}-'hl<3IIt.*-. our upprnztclt is to make
itttiliahic tools tctnulogotts tn the pazlcltc of it painter! that it hum:1n
‘j¢‘5|8DI'—f can use in 1-an-inns cvcnts oi the design ttrncitnc. Tht: decision
support ttrnhlem tcchniqtte palette wits Iirst puhiishcd in tMistrcu ct i:t'..
_l_'””J- 5l'|'l1i.' rciinernt.-nl and expansion of the concept occurred and tin:
“\"”‘”_“ Palette is fully ticsacribcd in IBra.-.'- and Mistrcc. l99|I. The pttlctts:

::U—:Il1§_thrt:e difibrenl classcs oi" cntitics. I't;1rI‘1c|}.'. putcntial suppurt pmb—
]hw‘_~'::'l11Tt'ltjs._b:iau entities ‘and _tr;ii1sn1ts.~‘inn t3I“II!lICS. Fin: icuns reprcscittlng

'- WI-‘Pr drc shown in Fig. 5.2. A mou.‘1t:| or 1'tt:t\=t'nrk of it ;'\rnccss 13
"W95 '7) -:0nm:i.-ting entities in :1 systematic fashion. An ctttcnsivt:

 



A ¢.I'r*t't'.\‘tt:.at—h:t.».1-wt’ uppmm-ti;

DSPT palette entities

//ta
Potential sun-non Base entities Transmission
f.}fOb|8F|'| BITIMBS entities

System Infctrrn I
vttrtrsble '1' 0"

Auxtltary
Daranteter

Analytrcal
relattonshtp

Condittonal Mam?‘
relattortshtp

Enarg-ta

Ltmtting
relattonship

lnformatton ~
9“E*9‘t'

lnlttnttatton -
mama:

Energy 1»
matte: _

Preltrninaryselection tnfotmattan «
energv ‘
ma [lat

taxamplc using the
1990}.

A dmttgncr working within the DSPT Itats tltc Itccdttttt to use suhmudcte
U-r fiubncmmks "I 3 ‘3"’*5E'1 r-mew.-ss created and stored rw mttcrs [Pm*"‘F‘
'7-We '"}‘d_‘='5.| itndfor to create origimtl models of the intcntjcd plant of :tctwI'-
ldeSc“p[“""' m“d‘313}- The icons can e-:t.-ailv atccntntuotlzztc tiilfcrcnt trsttlttiuttt
and cultures nd should not ht: tctmsidcrc-Ed Iirnttcd to [he examples fIl't‘h'«Cl'l1¢'v5
herein. Further is- - 2 .- . . . - .. |-

an_,.dismmed in ::s:;ct.t:t[;;10;tt:h denlgntntl ntodcis nt’ dtstgn Prm 9!:
In Phattvx ll nT'Il1c DSPT

lhfll corrcspo ' l
min mt H l io

"?F'.T¢5¢n.Iation sclwme with an
‘be k¢YW0¥ds and d
as follows.

Wlclle in the design In! at frigutt: is giwtt III tM15Irt:v:.c1-‘IL

he focus is on strttcturing and so|t=ing the D5P’_
“.6 l° the dflcisiuns tdcnttticd in Pltasu ]. Th: orguniz.-tttun U4

11 wtth keywords and ttescripmrs results in .1 ttent:r:tI kttow!cd_E=
associated sense ml’ data uhstructtott. Uiiflf

"15°TiP10r:i from Table 8.1. the selection DSP is W"9'a“‘i

Thai’ d£'rt'st'nn .s-ttppnrr prrrMrrrr tc-t'!tttt},rrtr

(it\'Cn' _
A srct ttl‘ t:attdidaI.c .’1llcI'I1tilt\'i':~.

ldcntifl’ _ _ ,
The prtrtctpul ultrthttlcx tItt1t|t'rtt.'tItt: sclclcttttn.
The rt:|::litt: intpnrlatttct: t1I':Jllrthttlt-5.

Rate _ _
The :t1tt:rt'tttti\'c.-, wtlh respect In their &lI[1'Ihll'|It.'~i.

R.-ml:

The '.IJtcrtt:tti\'c.~'. in urdcr tut" prcthrcttcc httscd un Iltc wtttptttcd
mcrtt futtctinn vulttcs.

gtmtm-|_t-,t]1c contprtttttittsz USP pi '.\EEIlCt| Itt \\('trl.l.\t tin lttlim-t-st:

CIj\t‘n

»\n a1tcrn:ttt\'c ll) ht: imprm-ct] thrttttgh ntnt!ific:ttimt_
:\$5t1mpIt'um uaul Lu mmicl tht: dumitln nf 1f'tllZFtL'?i1.
The s_\'st-tcnt p:tr;tntt:tcr~'. tlixcd \';1ri;1b|C%I.
The constraints: and goals for tlu: ticatgtt.

Find

Tht‘ indcpcttdcnt s}t'slt:nt \';tt't.'al.'-In vnlttcs [lhc_\' tlt:.\'t:riht- the :t:'tif;tcl's
phtsicttl ztttrthttlcrsl
Tht: 1JtJ\«'t:}li.t!l1 vatritthlcs t.:1illt.‘*-i tl|tc_\ Indiutttc thc cxlcnt In wfuch the
I_:0;J|‘.« atrc ;tchtt:'.'cd I.

S.'tt't»‘-ft‘
The :i_\~'$lCll'l ctmslrtttttts that must bu stttislit-ti for the wltttitttt tn he
Fcastthlc.

Tht: s_vstct11 goals that rmtfit E1CI'IlC\.'L'.lt'r the t’.‘X'[t.'T1l pm-5-ih1c.tt HPCt'm¢l'
target valtn:

The lower and upper hottntk on Iht: ~a_t-.~att'r'rt vztriultlcs tutti hmsndfi on
the {it?l'i;ilit\fI \-‘3l't:lb|t.'5.

tuttnimizc

The dt'\-'l3Ilt.'In functttm that is ;t tttt:;t.~‘-Ltrt: of tht: dfltttltott ttf the
-‘.\‘stIcm peril‘-rnt:tncc from that tntnltctl by the -‘cl ttf goals and IhL‘t1'
ilfififlctiilliij prmrit_\_' level.-2 (Ir rclattit-‘c vt't.'tgItt§.

fiinot: the selection D5? L-mt be rcforrntt}2tIt:d as 21 tstwnprutttisc USP. the
='“mDtumt.~:¢ USP is c<.ttt_~aiticri'd Iltc prtttcipul Inulhumulical IJSPT l'm'mt.tI;t—
1tttr.tBtt5cur'.tnt*t m'.. I989}. Tht:-' trttttwfttrttmtion of selection In tztttnprnmiw
""‘k"5 *1 I‘1‘!is"-his to fumtttltttt: and solve cttttplctt sclcctitttt .\'«C|Cl..‘IlUll D$f’.-
"”“1 ':"”I‘lt:ti .‘~t'|I.‘L:1it)[1-I.‘I.’I[‘!][')t“m'£]i!i(.’ l)S|’.\ txmith. v: m'., 1987: Kurundtkur.
W.‘-*3: Rttscarun. I990}. lndt:ctl. an tttlgtncttltztl ctttttprmttisc D31" is Llficd In
‘um '**“}'liCf1‘-'t:d decision. Tltt:rL‘I't.1rc._1t:I us cxnntiltc the tttttlcrpinnlttgs For
rhclmalhcmttlicgtl fttrmttlztliott of the wntprtttttisc D5 P.

1h<: {Il_1!I'1pi't1n"li!\'I2' DSP fnrntttlttttttn is it tnultitthjcctivc pm;-.r-amnting
"'°‘i"' which We Consider tu be ;t hybrid Fnrtnultttion tMistrt:c t't tut. 19‘.§2l. '1
'”““'P”V='IT.t‘fi CUl1t.‘I.‘[1lEi from hath tr:tdttit'-nut mattitt-n1:ttica11 pmgruttttning
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afid £0213 pr::g'rumn11:1g I!
‘Goal pr.-.gran1mm-,_—_‘ “-3; u..,_.,_1_
l-L‘ Indzratc lhs: ye.-m;-h for _.-y, ~ _,.,., .

:rnpIv:mcn!cdL far .1 muzm-r,~,;-,m ,,- ..,] _
'lh1s doc: nm rrzprcscm .1 11%!‘ .
moda:i- .,._"'" .
“P \1_|..g.. l1Jn:.a.r ,1'rr.:5_n4r_1.rmngI. mm Find- .' '01 . .- ' r _. '

I on} d.3{.:» UP 1-,..\,,_;._. an _m,__,m
prmndc.-. .1 rcprcscnurmn ah-..g .fi
real amid I-.mi.,h_.m_i_

The corn - -
pfI)!'TIl‘:«€ D51’:-, 3117111 +,- r,, Up _, ,,__ _ I. . ,

fDm"”"”"'-I 4-" 5.'*"‘T‘3m _Et~;:i~ |":F1'o\1f\if;;.’ 1'-._.t?“ ‘Am ‘N "'“mPi°‘*1‘J=‘fi1\‘3"-and {h _ -- I _ _ ' "."‘.~I'L‘]"f ..‘.l1-J dE\|E51:1a yam
I _ c Ch.\IdIlkJn fannlmn 1,‘ wh_.;._ J !m__,,

"""'flb|Es. This Is In cumrl I I _' M, “‘ I" '.f.':iJm..vn_'_-E -v~-
mhcrc mull“ ]. ohm! P‘ _ r..
1.-ariables ms: TfJ1~L M5 an nwdflm ““ -‘ “*‘i'_s‘3"n1t"\I' .-‘:1n-mun of lh: .-.u-t::*3n~;. _
II".Idil1{1naI uonflralncgt LCI1 If ‘\_"5.u.i'i|= \_.1n~.1,_im;., 5., 1-.._~;_-“nag I:I"§n: .IL,_
DSP plan“ ‘péti I U}f7IIl'l'I:!.:iJuI'I li'1’ITlL!];1I1I'-T: H-_!\h';,'u:.f_ the pumpg‘.- ‘H um . . _ , -

If:-l\'lIUn:'1;3] mmhcmalkplaxis an lhq. huundw .u Inc .~_\\t:.‘m 'x;1fi;gh§c_\‘-' 1 -: . 1 . -- -- .

constraints and bunud: .""¥’~““m-n_L cm! t.P Ih: u.-rn;-r..=:_r.:.«¢ USP
Wmran zorneom, '_”‘_”""“”"“ "W-'”‘*‘*.‘ "*'“= =h= =.\>1-m -
In the cnmpm.-mg: I Imummn w uhlch °"-'T_\’-h1fi:.‘ =~ .'->n\'L'r1:d mm
dcfiflf the fcasibhg gm.‘-nuluI""“' U” ""' “F -“_"‘=1=II= ~:or:.'~tru:n:.\ and bar
aspiration space I cflgn ?p;“"" ‘mu ‘ht’ W2 «'1' s;wst-.‘rn §d.";:I:« dam: :'*.:
bounds mum he ‘::‘_:TF'd3 5.3!. ‘FL?!’ fcz!_~Ib1i11_\ 11:2 s}s!c.m ..-nnstusn-_»
which ar.‘h1':.-vcs II-1:: Is??? I I.‘ m"5h‘*"“E Wiutlun mm is Hm I1-.;~;ihJc pfl'.l:.:

Pn.-,scIIt3. jskm goals as E” i‘ P«‘1-srblc Thu: \--1lu1mI*.-E I-
d Iradcoif bcmccn tha: which is J;-xircd ms nwdciu-.I'.
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Thxn-1':-.‘:.~a:mI mpgmrr pmJ'1|'m:: tn'hm'.pw U7

the -_,5f.ir;:1ion space} and than \\'|'1Iuh lI£I!'|. he a1c|1ic\'c:J his nmdciu.-(I h_\' the
.]¢n.ign «pawl.

t“nn1I‘ruIni.\c {’JSI".~. arc \\'1‘I!lL'I1.. In guI1r:I'.':]. 1:1 1.l.'Tll'J§-' 01 u ‘i)'5[x_'I}} \'ur1;1hhs.'.
nu. .,L-;_-[gr of mrmblux. X ['|'I:-I} im.‘iu4.h‘ L.‘l‘I1||1'|Ul‘lJ.\ »::r1uh|c.~. and 'hm'uh:;n1 I]
if '['R[;|j_ II if 1'.-\l.SI-III \:nr1”.ahIcs.. Eiyslurut x-.|I'mh|::.~ arc imlcpcndciul of the
usherdcscriptur-;u:1tl can he chungcd In nltcr Ihc st'.|lcn!'ll1c .*i_\-'5[L'I‘|l. .\.‘_\'~alcnI
I..:ri:1h1L'< that Licline thc pI'1_\s.n;;11 -.Lm‘ihu1u~. 0] .111 .'1r:iI':1ci I11u~.'I he pne.'m\::.

\:i\_!sI\‘l'I1 cunxlraint mmlcl»; .: Iumi Ilmt :~ pIm.'L-d on Its: Limgn. The at’! u!"
qxtcnh cunv-tra1nl~_< 11‘m.~a1 bu :..1I:.~»I'1cd lhr the 1'c;:.~.1h1]|t_\ of 1|1c dc.~:gn_ ;\'l'.1th-
Q‘-|'}1;:|t1:,‘:11}_\-'_ n_\r":»leI\I c.m-utruilltu arc l'um;IIum uf .x'_w.ln.:|11 \;1r':::hl-.‘.x' uni}. TI1-\:_i.
m rigid and no uniallum urn: .nl1m\'cd_ Th;-3 rulaiu Ihs: L|crn'.1m.i p1'.1u::r.| nu
lhc ea_\s.-mm. INK]. In Uh.‘ u'.:p:Ih1l:1_\' 0|" the ~_\'sl::m. (.‘I_\'I. 'l'hc sci mi" \_\.'\ilC|'I1
\.'I.1I'I..'il[;1111l.\ 1‘lI:i._\' hr ".1 mix u!" |i1'IL".J| and I1nn|i13L".u' |‘uncLmn:~. In cI1g':ncs:rIn;_'
pmhlums lint: 5}:-lcrn cm1sIr'.hnl>'. am: in\.'LrI.:hl_\ LnuquuJ|t1'c.x. I-Imxcxer. m:s;n—
amuse requiring cqu'.|I1'I_\.' .»_\'~alcm cm}.-a1r.unt~. |'r1u_\' nriw. I114: rcgiuI1nH'c:mh1|-
ll} dclincd hg lhc 9_\.'~'l:_'l'I‘l cs.nmr;:|I11.~; In mlluzl the I'::u.~;Ib|c xicnign space.

.-‘\.'v:In1'.w"\'.-.lcn1 goals is uncd in rnmlul the u.~'g11r.':tmn :1 dcxignur huh. Ihr H10
du:\:ign It rc];m'.~4 Ills: gnu]. ('i,. of ths: dc~'1-__-ncr In the Alctuui pcrI':.1rm;:ncc_
-\,I.\(:, at" {he :i_\'SIC1"I‘l Wllh rcspcci to thc g,{n'.[l. Thu i|I:'rI:tl1m1 mrhuhlr is
Intrnducul as .1 tnL‘:1!~'LIn: of '.Iu.'hIr.'\cmL‘I':I .*&im.‘L‘ wc mmld TILL‘ tin: \-'.LluL‘ U!"

-\,IKI1u cqLr.J.l (J,-. (Q0115-lrulnm}_: lhc duvnmml \;1:'I;1Mt.‘.x It‘: be I‘mn—nr:piIli\'u.
|h:: .-.}.~.'I::n1 goal hccnnu-.~;:

.’\,{X]*d,_ -— -.1,‘ '— [i.2 F: |.. ..m

when: (I, '-.1,‘ _—Ir -.md Ll. .d.‘ _>.l'!.

111;’ prnducl l.‘u[].HIT:Ii|'ll Id, -J.‘ _-(ILL-11<.:1{L'-é that LII lc.'I.~I um: vi" Ihs: duxaaliun
'-.m:1b1c.~' Eur ".1 p;11"m'u]ar goal will uh\'::_\'~. hu: acrn. H ihc pmhicnl is suivcil
uw'iI1g'.: wrlcx :m|uliun sL'|'IcInc zua u !'I1;I'|l{.'I' cal‘ L-mam: than Lh1.~ cum|i1|nI1 :2».
:1utnm,:tn;:J.]]_\ >.ut|~sIi.,u|.

Hounds are specific [1I‘|llI.\' plalccd vn lhc nnlglliludc of each n!" the «_\:~l::|n
um! LIL"Ii.iI1.jUT'l \;uiub1a:.~. Iiuclt maria-.h|:: }1;1>.;1.w.-ci;nlc-J with H .1 lower and an

“PW bu!-Ind liuuiuls am.‘ 1mpun.'Int for mmiuljng rcul-us mld 5'-rohlcnw
hcc'.:ux'v: they p:'n\'u'i:: :5 mc:m:< In Imltnic Ihx: ::.\pcrict1L‘L‘-bus::d _iudgr11I.'I11 nf u
Rh-Wilfilrier in [he Ilmlhenuailzctai I'nrmululmn_

lfl ll'IL‘ -:0n1prnn1i.~'t: DSI‘ Ihrlnttlmmn lhc aim is In n1in1mm: lhc t.IJ'|‘h:n.'m:c
hC1WL‘L‘n [hut \|L'hh.‘h is‘. dcsdn-Ll :II'IlI thui \\.|1ivh L';:1'I bu ;IL‘hIL‘\'L’I.I. T1115 IN dflflc

"-‘I-' niimmizing the dc\'tuliu51 functsun. Zn! 41"). 'l'h|_~s function is ulw-.:3..~.
f"'m1€|1 in lcrrns nf lhr: dcx-Iutiun \iiTi;1h|Ch. MI gmlsa m:1_\' nul ha: cquallly
||'|1|1nrt'.1nt to u dcsignur and the furrnulzlliunx arc uI'.|ssIt'1cd us .-’\rchin1::dc;II1
‘" PM-"“PT'l\'t' - |'!u.~a::d rm lhc mmmcr in whl-.'h irnp0rI:1m.‘c is .-t~'I~'!'gm‘d II‘
“‘”“'“""S “It: gn'.1].~i. Thu: nluril general I"o1'm of thc dcxiatioll t'unclinn Fur m
§0i!i.'~ in 111:: .‘\TC|1iIl1CdCilI1 Fm-n1u|;umn L;

KM .:J"I.= l\N'. LI, + \r‘u’,'ti,'I: l

 



 138 .-I iler‘r'.s'1'mt-[nixed ttpprmtrlt

where the weights W, . W; , W, .W_.' . . W,,, . w,; rcttm Ihflgl.-cl “rm”
to achieve each of the goals. ('icnerttll_v. tltcse Wr:t__Igl12'~' would be chuscnsc
sum to unity. However. it may be diflicult to identify truly credible u'eig11-.._
A systematic approach for dctet'rm'nin_g fCil.‘i{'JIl£]l'llt'.‘ weigltts is to H5: uh:
schcrrtcs presented in [K uppuruju ct mi. 1985: Bascarar: rt ul'.. |')891

The most guntzral approach tn mnugning priority is a precmptite up;
where the goals are ruttk ordered. Multiple goals can be assigned |llt.’\at1::
rank or level. in which case. Archimedcttn styled weights may be used Wl|I|tn
a level. This assignment of priority is probably easier in an indttmn
environment or in the earlier stages of design. The measure -of aehrevcrrrettt
then obtained in terms of the lexicographic tnininmatiun of an ordered sat

cxicttgrttplticttlly. an attempt is l'|'IiIdEl£'H1Cl'll4‘R
set uf ;,o-.tl.~tJ l)L'r(ll’L‘ other goals are eunstdcrut

Lcxicugrzlphic minirtutm

Given an ordered array _.f' of ttun-negative elements \.f'.'s. the solutmn
gI"\‘6Il by f'”is preferred to j“*‘ if _;';"c_r‘,-" and all higherntttirr
elements ti.t:.. l,. f,,. L I are equal. If no other solution is preferred to
1’. then f is the lexicographic minimum.

Ifwt: consider 1"" and f"'. where r""=[U. E0. 400. 56] and t""={tt. ll.l13tti
then f"’ is preferred lu f‘-". Hence. the deviation function for the prt'tL'mt‘“"
formulation is written as

Z: {|',[d," .d{ ].....l}|tI,- .d.' 1,’.

Fora four 303? problem. the deviation {unctiort may look like

Giver:

" number of system variables
““"'b" 0T System constraints

9’ °‘I“3"‘.'i‘ constraints
— 9' "‘°‘I“3l11Y constraints

"1 number of system 3031,;
Fdlxl t-Jtslent constraint function g,-1X}=C,(xt —D,.[Xt ,_
dd‘) .[':"-“"05 Ofdcviattian variables to be minimized at priority‘ "Ml '

w for P53331915-VB cast:I'

Weight for Aretrirnedean ease

‘Nit’ tt't't‘l'$t'tJr1 .\'rt.f‘l""” l"'”M"r” """i”"lrllw Hg

Ftrid
Swtcm y;m‘.|hlt:.\

‘ X] t ‘— l.... . tl

[)i:\'i;tti0I1 ¥'1lT1i*hl"’

tl, A-l." ’ '1‘ "‘”'

' ..'t' .
MS“. m C‘Onfilt".lll'tI*4 tlitteur. nnnlttteztrtvs: e ~ -

st.tx)=t't: i-'1---«-I‘
.|_3.I.\'.I%tt r'—:=-- It----I”-"F

S‘-“L-m Q[_l8l‘1' lltttettr. Ittlnllilfilrl

_»\.IXt+d.' -0.‘ =56 i‘ l-"""'

llvnundst

\'rl|JI:_‘:_-r-‘x|£_:}(l'“*': j=I__,.,tt
d. dun:/_n._ ;=| ....m

M. G-_“. ;'=|,..__mj

.‘tft'tttrtIi:t'

Case er Precn1pti\-'L‘ I’lC‘tit-‘°E1'€*Pl""-‘ '"i"i"m'm

2: mid. .0.‘ I----‘We -“F '3

(.":tse h: Aruhitncdeall

Z: ;w, it. +W.'d.'}4 1

_ . ; - - _- < ‘om l'lJ1'I1I.“Ii-3Asidentified ubuvtz. the selecttort IJSP can be I't.fL‘tI't1‘It1ltlI.d as 4 L p
USP as follun-'5:

litter:

M candidate alternative.-‘-
N attributes

I, relative importance at the jth tttlrihlflt-' _
_ , ' 1 _ .' ; ‘'|_['Ill’ll.'fll'|R., the normalized rating of the tth .iitu.rn.ttn<. uttth re-.pi:t. t

allrihule

'97 I R -—- MF.=mcrt1 function of altcrn.ttI\t. I
J_ I H
r- I

Fiml

Design variables
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:1 dt't:i_t'itiri-Itttsed um);-.r_.m-J, —

Dtwizttititt \-atrial-3];-3;

*' I. t.’ '

S‘titi'.~jf_'i'
Selection systcin uniistriiint

ii

: x.=i _,I l

Sclccttoit -systcni gout
.1!

1 f\1F,\',-+i? _ii :1| ..

Hounds

05:.‘-.€:iI I".-.-I______\.f
:'dfHl‘flil'.'_'1’

Z = 1*" -t- 9 '

Y 50|U1i0tt tu_tht: ‘ri:t"t>rntul:itc:I'
Inn‘? IF‘ °i’1_'“1|Z-'3!IDn problem can he

"P°°"'”""’-"'5 '"“’-tier progmniniini: cud
Pflfmfd DSIDES rMiSlIC9 l.'I'h[hi

:iL‘I€t:tmii I).\'[-‘ which is :1 linear. [|—l

r(.|t.ll‘l£i withutit l'lt‘L‘C.'~5iI21liI1gli1t.‘ltit-.'{
cs. Wu use the ALP lligurili‘It1]il‘ii\\.r-

|9HI' ’\«!i'~'lrct: ‘ftti 199‘! In rcs I'--'
‘he “at _ .. . t. .. ... {Rid
iflflimainffcif hnttlcan huhavior of X int :1 .-inglt: -:t:]i:t.‘titin DSP. Bziscuist
mnstminl (‘ha " H59’ ‘“EU¢d this cats: in the folltwving way Cnnsidcnngthu

. v M. the p'°dUC1 of t" and c‘ is tl'qLHIi tn {.t.‘I‘t|. there an: thtit
.c.‘ii'{“hl)’ Equatmns in 54+ 3 U k , . . .
av assumin n 1 ‘ -. rt nmitns IX,-.. for i: t....m .11. v iinttt.
p‘;r&-CHM-I__g -‘mmhlaflnn uf thc merit rLlI1CIi(1n tailues. that X. it W'-
mmnm (Mi: I]. anti that the maitinmm ntcrit ftinction \"ii.iUC i‘. Ltl11t]Ll1‘.'J1'-‘ii
dfliéuion .’_‘:MPt [07 3“ ii“: the t2'¢.|l.lilliOn for the product 051'?!
mm? anddnii I“ _I'33dS to it" being mm. cquulinn {_'_‘i lead; in c" kl“;
nun-_._¢m‘x flquanon Hi [0 ‘“‘I.'*' W19 X. being nttnzcrti. The tatlutttilh‘
can 31% h; W’ '.‘""" be “filly as dictated hv cqtiaitimi iii. A rii:'l‘Wll-*' I'”""[r ' - . ' _

h camP‘(l:it'it3cd using monntontctty atn:t|y.-:is.
:9 ' S-argume’“ 10 3'-lilfflllltzt.‘ honit.-an behaviour of |J('il'I[1l1LW15

"_rbb]c.n‘.I.§ :1: umqucttcss can be extended to ctttiplcd n'lIli[l['1iI3'\7L‘it7L‘{t'.t\,“.
' or each 5‘-'3¢?¢'1i0n problem. at particular tiniqucticss uttndtiiim

adjustment _ “"" exist in the I'urn‘iul;ilit*in. Hnwt:t-i:i. :1 hrtiniiit
Dim? gmls 1? rc"""“'¥1UndctJ to cnsurt: that t" I‘C'1'l'I':lit‘t§ nttnéiff

valucrof 1 — — ‘ _—“?‘'l S031 priorities: mid tht: right hand side lilH_\-
Wflfilraints with r‘ H, '3 0lht:rt\'isi: pnssiblt: to stitis!'_\' the unit-!“"“"‘

3 n.1cI_m“a'- Wflhfliticun X t-actor. Thr xuggcstcd &tL‘iJ“5'
‘I '3 "1 *‘ 1'|<!W RHS such asM

_ E ‘WIX-+-" —c' =M +dc|l:i.i=1

i
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\‘-"lien dL"<Iii't'l!.! t:ntnpiit:ilint'i:iIl_\- ttith mitiplct t'.‘I\I..lI3iL'(i j1ttthit:ni:a. ziddtl
,.m1—i| -.\-'-_iIL‘l'l1 L't.\1'tt-Iréilltln .ititJ !L'L'i1lliqut.‘.\ iii;t_\ Ltc licipftti and or |h.'t.'t25:"s1I'_\'

ttcpcitdintl tut thc tist:r‘~; ]'1l'l.‘i"iClTl fnrintilzitiitii. ltitiuttl. ALT] ttpttttrttti hr.'tnL'h-
md_hm,mg zf_'1'{'t-OI'lL‘ iIi_L‘.iJ['IIi1|'I1 i~. ':l\'.'lli.li\iC wtthiii |)S|l)l-S lkir Ll:~L' with
.,n¢L‘i'|II\ tlclittcd ‘scicistit-it" \.'IJ'IilhiL‘\. -'\ilL‘l'Il'.tIl\L‘i‘\. it" t: tit.‘.\l[.'.t1t:I‘ \\l\i1L"s in‘I ' - _ .

llsn‘ L't3I]Et|'|l1i_tuH' turizihlin c\t.‘lti.~.itc|_\ tint} In iiitpmi.‘ i'1tinit'.iII'| hctitttiiar.
Uintiriiints -ittssli as U

'7 ."<.it -.\,i=tIr i

.1iL' 1'ITt1I1L!i\' l't:t:ttn‘iI‘I1L‘t'itTiCd. Tiilfi mnrliticiititlri has ;'ii'Ltt't:'Li lL\'l‘i{ii in '_l'!Tt'!L'E1L'L7.
.\,1;|iiiun-.1l *)'$E1,'fl1 C‘Ul'I.~1I'i.t:Il'tIE\ m:I_\ ht‘. TL't'.]H|I‘t.‘ti to nindcl t:\cIti.~iuii'.ir_\

'7».-h.itinr I-"tar L‘\itt1'|}'|iU. t.'L‘f1;]IIl t..‘l‘T'|'Ii'3ll'|ll[Il‘II!\ of :Iiil'.‘!'|'I.'|ll\'L'~i in .i t.'m1ri1t':tJ
.L.|L-“mg _.-,¢|.-mun t):~}l’ may ht: inll--.t.uh|c. t'mmdcr tho cmic whcrc it"
[tt.I!€T1.'!i it i\ \'l_'iIIL‘lL‘lj tX -=-ll. fl't:JI'ItJi.'1L‘|IJTl|'1‘ r-turns K" I.'itI1l'It'I ht: !.I~6t.'\JI l-
i\'- I I. Tillfi L'I.tI'It.iill0T! can ht: iiimiulcd mi

X.-9-X-=":_' i.

'1 iii‘ use ilfld frtrintilaittttn itl'siit.'h i.‘iti.‘lii_~imi'.ii'_\' L‘('I!'I.\ir1IiI'|i.\ H Lit.‘I1lUI'l‘ilJ'&lTl'-ii in
iL'.=ii.iiidik;tr. i‘J.*t‘)'. R-'lN'L"iiF'.t[!. IWUI.

:\.-. ll Iiitul tmrd iIL‘.I'L‘ on .‘iCiCt.Iilt'ill_ whilc J11 L"|'ly.IIit".‘L"Fin[.: Sflillli-U11 can ht‘
Wugifi in this tut)‘. the designer must citrtrniiic the wmitirit_v mt’ tht:
|[‘ait‘tflT1;1i:it3I1 u.»ti.-ti. The \':Il'1'tll1L‘l.'\" oi" tht: I".ll11'Igl(!f g1'£,ttii1lgi.'i_\'hl€'I't}.\' LI.~«CL'i nut}
iri re-u|it_t bi; lun 5,-rt:;it to truly tiiE§L'l'IlTlil‘J.tlt.’ l.|I't\‘. i-:r.I1ltIinI't fmtn .ll1=\1i'1i.‘F.
5RtI'm.'l'Ili‘|L‘F' that the gm! til" the DSPT is in prnttdc di:ci:iiuI1 ‘~L|t"P““ 3"“
nut in itultimatc lhi: tJt:t.‘istt_m pmccsst. I-ijsr further (it.‘E.'lI1.\ rugitrdiitg this
!.\'.\llC.iSJ.Tt: KLI]}pUf'.1_]ll W .i!.. |*)h‘.'"='. HiI.\t,".tI':i|1 1'! .ii'.. 1‘?-Wt.

-ta ?il;t.lt.‘(i uiirlicr. in our c:i»s:. i:t\i1i;ttrn'itI design IS ilL‘ilIL'\'L?t.'i trilltin .I
JL‘t't'nILti‘l nr 31I.lh?i_\r'.‘\il.'1'l1 lltrtiugh tht: inIt:i.:i':tIinii iI.t}l.i hi:1i:~tic Ut.‘1I|Fl'|L’I‘|I nf
design El11:Ii_\-‘SIS and .\':i'tlli'lL‘.~i!:~. ltirthcr. L‘t\|'IL‘llTl't.‘l'lU_\ 15 tiittdcicti W “"3
iimiiltiincttttx cnn:.i't]t:r;itittii nf _\-13[‘t_\'_\:iICtl'I\_ iv!’ in DBT.) lt.‘I']'I'|$. ii'|L‘ ~'t'nittlttt—
nci-my rcsuitiiiun of ttcri't'ct.l tiucisium. (_‘nii-.mtci' ;i dcritcd I‘JL‘l:iSil1ll invult mg
“W Cttniprnmisc DSP5 tutti tint: .~.t:lcctitIii D51‘. Sfiiiuz L'i1;Ir'.'t\.'it.'I‘iHIIL':-i of
concurrent dU.'1ig“ are citihtitiictl iii tht: .‘i}'$[t.‘?TI .~_\-'iilht:.~ei:«, ll I'i111ii'IL'Il'IEIliC:li
itiflttuiittian ni whicli ix i_\1'(H.'|\lL'£| in Ttthlc 3.2. l:.tt:h sLLIi'|§‘\-'}«"iI..'i'I‘| it. .-.|tr.:ii.L'n tu
”“Pitct the t'!1ik‘r.‘£ Ilimugh T.i'|t: 511i‘)!-._\«'.\‘lL‘!I1 ;:nitsti':imt.~e :in-J _nt'i;t|~: be-in,i~'
il1fitI1tUIl.\' of" .t|i tit ihu mi-,.._,,-.;it_-11-i \;iri;1i’1iL,’\. (‘nncurri:itc_t.' i.~' '.J.i.\'I.) 6l1'I[‘Ii1£t.Sl.':'|.‘Li
'0 lite I'ni|!iIT1i!_:1IiUn nf it E‘tl|Tl]."H.l.‘iiit‘ tlct i:ilitiit function.

5.4 APPl.IC.'s\Tl(};‘~iS (JI- 'l'Ht{ I)!-'t"[S!t.)N SUPPORT |’Rt')BI.t-‘M
l'If['i|N]Ql.i!'.

"IE|p|icationii of DSI’-s incittdc tht: design of Ships. dztinztge luleruitt strt.i<:—
I”-'31 and rnnchzniical wstctiis. the dt.‘:iiE.1'I ttf aircraft. iiiculiuitimt. tltctlnili

 



4955811 life cycles to lit these mo

_“'“’°_“.!."d'!'-*> renresmt co

I42 .4 rt'et't'.'tt'tJtr-hit.-mt’ appmm-I;
Table 8.2 Motielin
lonnulalion

Cttmpromise DS!’ I
(‘orrt_nmtut'_w l').‘s't' 3 5;-tmrm mp-

Find

X. rt" . cl’ Y
Satisfy

g..{X. Y. Sliaft g,t.'(. Y. .‘§l.>,tt
A.t3(. Y. s:+a; _u; =5. .t\,t.‘i. tr. SH-e,
xringxlgxrll Ii':I'tIII£"’$: Yin.-
ll -11*?” ct ..t""_?ll

g ct:-neurrettt.'_t through systent s_t'nIht-.§j,;..;tumnc1 mm

,2‘ .4“ S.h'.h‘

E St: I
~t:.' =0, Ehtt-,|X. YtS.+lt'—|1’=t

(135.5-(~ I
h _ h‘ 20

Mr'ttt'mi:t= rltrxrt‘ogrttpitirrtJ'i'_r J
Z=:l1'.l.[d . J‘. U". 4" ]. ....T.Ert' . d". I.‘-. -I" ll

NrJl£'.tt.' X. l"- system variables
3 -selection trttriables
it '. tr‘. e" . L", h , la‘ - tievitttion variables
g,—t'th eonstrnint function for suhsystetn
J\.- — ith goal function for sulmysten:
(3, — lth goal target value for subsystem
MF,- — ith merit function for alternative 5.
Z -- deviation function |Prer:mptive form. it pr'torit)' ktelil

energy systems. design usin_ 3 Composite materials and data cotnpter.siutt..'t
detailed set of referenoes to these applications is presented in tltlistrattt
“la 199‘Dl- However, in the following set.-tions_ it collection of tttprctml‘
ative examples from the marine Iield are presented. They are based oat
890973‘ analysis of current practice, but no attempt is made to constraint“

dels. For the examples, it onI15t‘1|3_tJr I
document one design problem from MW-'

nphasize the versatility of the flpprI:tItL‘ll.-1

decision has been made not to
“"33 10 end. Rather. to e1

Experience indicates
Oblcms. In addition

ll1Vn1\ting.ao ' ' - v — - . ' RAPIDHEHDSJDES :'p::;tons of preliminary ship designs developed unit?'1 V . . I 1d“ ‘win[Lyon and Mismalti 9)8\;’Il.l'I designs Produced commercially 47* “'

Practical success in using DSPs to solve Shit? d°5l?“
lo the studies discussed herein, five t.‘2l5t'.‘ slutltt-'5

J. The first two case studies involve aelttttl PT""”’
matched in all technical aspects. The rem5lJ1““1'3"'m

mpfiritsons with other eornputemtssisled ship dfitfi“
. RAPID designs were considered suP€|'i°’ “wallresults.

designs that RAPID

The dt_'L'tst0tl _~ttm-‘tort Pt""’l"""" “’‘''''"”Ill“' 143

3 g I A m,_.¢a.de5ign example: modeling the prtlcest-t of design
- _ , .- 1- - S) '

M R. n-I-){c_§eI‘|IElllt)l'1 o|' l'1"lI.‘lt-il-t.lC$tgt}' .tItrIt:|1-.l‘i:.Efi||::lt“.lT:t;I, F._I:IEl'}LJ:h‘l‘I-t)_I‘[1_hi5f 1:
htpotltelical titneltne for r|estS""'lS I ed: ‘ _ ' me P_E*_[ diagram for
‘, -, -1|-1.; hase—ct-ent-information I.2_1.r.tm.ttr . ‘rt-‘lmtid “ *1” P . . |' . ‘t . r-1-tttomhtrt i-rctween hard and *0“

short. l-1'0"‘ 1”“ L” "gm [he Q1? [ml events and rtroduet >'Pt‘t‘ifi*‘
mmmimlon mCri:.35tf:i inrti-ithin the tigure. The s:or,\'hndk
'- .1 mtttion ares 0 ' ' _' _, - . .. H - -.E:Ej.Frh_Efi al the [UP represent the strategte neetl. the trtntttts‘etI\nttti.cr:!lI:.
ntunttfauturing. the tirushetl sh|P« ‘"9 ~‘l'‘l’ -‘ “-7 " ‘

~ missioned ship. _ , __ ., . ‘ ,de§_t:1TfimcIinch pumlloncd intotottr major design.pl1tts:.s‘lot;]t:::l:ltr;dlt::r‘:‘:
.F}_P-wail)-_ the end of each phttst.‘ Is not abrupt ant|_tt t}:_t'n1t|."n:‘ mfigrlap mi‘-h
M-.,_.n -,. 11.,-w phase starts. Therefore, the phases ll; :g,t;.FWn“ “W mu
rather. Wilhirt these phases we Identify at I‘H*""_hc.' .C‘te.I.1.—"-I t‘l‘\'Efll‘l\. found
restricted to one phase. For lI'I.‘-"lilrI_CI3. lhif l-""“"""“"""_"3‘ *“”' '5': deS}.m'mL_' rm
In l1''-"5iS"l1'|.l=.1 3”" “-‘“"'c5“' dcflgnmg rim mmluf‘-[Tm-rh In-fitl * duiatiort in
nu-imtenztnec. The horimntul burs P““‘d‘3 2"‘ jndufllflun -.‘:is .; <tr'ttegic
phi-siwi time. of phum and °"t‘"'-'*'- '"V."' w it? r(lf°’/I‘? giitizcirnct 1:nort.‘- hard
um] N liomgn pmlcy m.d- during {ht hr?‘ I -n§1t‘loetttnenta1tt\n'l. Thu!‘-
Ililr-‘Tm3‘“"“ bccilmc“ ‘"‘”|"“hh' mg“ dfimmgh ‘W , . , . ] v ttmeline ts
the ratio of hard to sstfthinftwnnettion is seen to InL‘1'f-3d-‘-E -I5 H“ '
l1'l]\v'€l‘§t‘.‘d from left to rig! |- . . . 1 - -.

The output of each event augments tht‘ P|‘0l-ill“! 5P‘5C‘"c m_l"fmT’I_“_:ni‘T[h|1:
is shown in the fourth section of Fig. 3.4- The fim .m'm%,|dknl.l..1o[t< Ill] 4
development of the Naval Staff reC|””'5m'~"“5‘ Th”, °“'n.{ Kin -rm;
;jgniflCan1d(K:u[nenT_ referred to as the ‘Sttttcntenl ol re¢1"_”‘3_"“_"'_‘- ' Mo‘:
docurncnt plus general design information then forms the pnm.tr_\{tnpu d .1
the conceptual design event. The ct1ItC¢P"-ml d"‘-"Fr" ‘"5"! fwd" m“drrth‘_
basic concept while initiating a feedback loop to the dc\'eIt1ptttctt]I _
lTrl\':Il stall’ requirement event. The h.'l.*slC eottcripl 3nd the gC_m.m_ tfkfrid
ltnt'n\'lI.’dEe provide the neeessttry infor1TIatton for the pre|t_rnttt|.II_\. In
cutttrrtel design events. Note that again an twerlat‘ h'31“'“'“ ”'°"_""1_"“_' “"fn(‘j'
uttttts. The preliminary design esent prtwith‘-‘S “'19 WP l""'°I "pcC'hw!:_;“n_ “T _
the ship characteristics. whereas the conII‘_'stCl di=$'B“ ‘3"""" PW" "5 In
general 5 ‘tlication and the guidance drawtn_8-*3 1 _ ._As staid. the output of each CH3!“ iil*E|"“-""5 ‘hf? l"r':'dfm “‘rIh':‘\:h!:
tntonnation. This is useful in planning at pT0J5C1- A ‘5°-‘“3"°r "1 me "*5?
Process could ask the following question: If I had some P3“‘°“_1ar ll-’l{_0I't‘t‘l'd-
tion. will I be uhlr: to use it to further my dI?5|Li!“3' 17 “"5 '*‘“'‘'’“'°T 15 'm' H “I‘“‘_’
be entered in the pfgducl s'pt,‘(,"'IfiCiilli‘l'l tine. Of course there i1rt:.m1;I'
littlestions that this designer will post: and ansnrer before fll‘rt\‘lng--di-I :
mrrcet statement of the product specification section. Some exatttples. L
Ublitin this information in some easier tr1.'1nm:r':' Whfii 3”‘ the "‘°""""qm“'m'M
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 Preliminary

Genera! ship Ship
~:ie5'-9'1 synthesis u:'naract-aristics
imwladge

EapwnineriiaiExpepmeniai va|idri1Iuninformation

Hi 5-5 ‘\ mswici of the [‘Irc|m1in'.ir_\ \iL'.\i_gi'| -.‘\ui1L

Fqliatrec. i*J‘)| i_ L‘-pun impici'nci11;iIim1 mi .l cnmpiilcr we cr1\:.~:i1:c that ilicrc
-.I.\L'-Id And -iiinuld he \i1‘|'I1i;lI‘ niudcia I.mdcr|\ms: uii cntriuhn ~'im\\I'1 In iii‘-'

F’-}"-I iii;tgrL1I:1

8.-1.2 Preliminary ship ~i}'nlhu.-.~.i.-i C(‘Il'|L‘ll!’I'i,'Il'l design
of the hull |J|'0]J4.‘"I.‘f machin(~r_\. s_\'.-Heln

Frum a cmiuirrcn: dcngn pcr-:pcs:t:'v::. \\ hzll we seek is :1 huiixtu‘ 1l'IIcgr;1ECll
"5““J"-'1 that )-icida .1 .~m|i1lio|1 In all of Ihi: t'L'1L’\-(U1! i.iCCif~il3Il.‘- ~.iniu|l.'iI1c.\u-:]_\'.

ihi: ITIl'ldCI of mu pTL'iiII1l1":;ir)' LIc5i1_‘_[] cu-nu Jcpn,-.icd in Fig. 5.5 dC1'l‘|£‘H.~l1I'iIlL‘t-
11115..-ii-. ~.imwn. il fL‘.|T1ii1|"i_\ open cndcd us Iiw IT1I.ii\l|(.iLI;.1i dci:isi:'r|1.~'» In hi.‘
iddrcsmi in Ilic prcliiiiiuuri ezhip .~.\'nIhc.~i-i miiid he m.m_\-. Rcxiriutmg mil‘
i.iN.'l1.'(siL\n1r\1Ii'1L‘ gross li{I.'\I_L;_|'| ciumciiixu ll‘l |I".II.'i1llnI‘ldi prclzmin-.ir_\ slmgri the
"““‘-“ dcsignui iirsl. Thu: |3l‘O['ICiiu.'i'i$liIt:1'It_i\:?u1:H‘li:Li:mI.i minur .~e::quur1li;i] iiml
‘-1eralin- modiiicalioiia arr: nmdc In imc:r.'lti: lhi: huii and Iilt.‘ prfircilcr
iIi1;i||y_1iic machinery is selected In rmitch-ihi: .\'_\«':-i[<.'I'|'1 :15 well as It \‘£II‘i. in Fig.
*5 ‘*1 iliuslrutu a uotlplud DSI’ Ru p!'n:Iir‘n1nur_\' ship sz) nliicsia Ihul inmiw.-é
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146 .-I Jcr'm'rr::-l>rm*rI' (Ipp:'m::'l'r

lheeac ::II.‘n'u:nt!¢ of I1 Li“ ilcxigll. m-.:chmcr_\ sricctnnn and pm1—,L-He, demnm:
kc}. notion hcrc is Ihul the g-DIIDJUQ USPcn:1h|::scu|1currcnt 5oIuIiu|gh}'-h,_;_fl._.‘
mm auununl the inu-mcnun.-a hcrwccn mu .~.L|h.sy»Lc:n.s. Thu su|u;.'.m
nr-scnl>t|1c hulisiiu dcstgn uf.1 hull pr-rrpcficr In:|ch1ncr_vay.'1cm An:pra.-\.cn:';-
l1\'c word fnrrntnlaliun for lln: hull huh.-._t.-elclli curnpmn1t'.-ac USPt'u1lnu..

U1":-r»!

Naval uperatinmd requirements
I Shi:;‘1[_\'pc rrigaltc

rmunmum sI1.-minccl in I\'I‘hIl.~.
— endurance in knots

' Ralrlgu at cudL:r';1|1c:: speed In rauuticaf IT|||L‘.\
0 I€|:dur;muc- day-u
0 Scukucping

'.ll Suzi

rna.\in1Lm1 su.-:u;1;:Ic for normal shsrv .m:| Hciirnpmutinris

' P‘*}“|l):ld numhcr and type of" u-cxinum. uircrufl. c0!I1Fn.iI'n}.a.‘-.:r
Iml and surx-uillancc equipment

Desirable characteristics

' 5“*‘°hi"°".\' KVPC‘ IC()D()(j (Ir C()l).z\ D or C()(.iA(i nr «learn Lurhznrl
I Location cal’ machir1::r_\' -spaca: mft ur rnisisliipsi
I Number of propeller slulfirs

I Hull and supcmruzzlurc ruulcriul mccl and ur uiurmnuml

D9‘-‘ifln Assumptions

0 General arrangement 'gg..nMr_\..-
and a-starting design;

X": :xf'- .'=_- |.. ._.\-I:

Hrrrf

The "'""'“ 0‘ 9!'5l('m variabies

Ii : In - -_- u M } as dclincd b\- the principal 5!-rip riinm-maiun.-;'.
icI}gth bI:l\\'c::n pcrpcnidiculars in Inclcrs
-‘WP I-1¢$_i1_An bcam in nacturs

D _ _ _ Shfp dcsrgn drafl in meters
_ smp d°5|£I1 dllpth in melcrrw

—(T‘h1: form °°°'T|cicn1s:H

C,

 

hkjck c¢>cfi‘icim1l

Cu cocflir.-_icr1t
Cm n}id:;£1dflB~cQefl1e:e:1r ,P srunnn cncffxczcnt

__ _ . - - - H r
Fm, Eh,‘ mt," _.w.p(,»n ;.vmhh m In hrnq L

. = -- -r.: . - ,"ma PdmnMLi\ -1IL:o_tim] ccnlcr c-F !‘rLm\-JTlL'\' |V T"L‘1‘~‘V‘[“r“"‘r"“I 'm‘N”] ‘- Lin! - V ’ . . - -
U B 1'l1‘L‘ilI1l]iTl 11 ccluur nl'fin1.11mn In meters |n!'W:{rI.'l nJ [TIIL‘IfihI]."fi
H-‘}' U - ‘ 1, .k .1 .I.\__ _ .. .. dun] h._-1gI1I1n;1\.\.'u.-|1\ LL ~ 1n nu u. ._\Dh|-|] .-l:l|1 -

"n"! thc dcmtmrl V'«'ifi-INL“
J I ‘

J" u.mJ J

3:.-lr\I_l

Tlw fuilowing .~'.\sIL-rn con.-ulrainl.-.':

L I i ‘N1! In nr 5.-rcwu-r than 1|1c c~aIun;11cLI w<.'1‘_—'h1
0 HF‘ 41931719” ‘ "' ' ' * ‘ ' . ‘ -«I aiumc‘ . . -_ -r lfnn III‘ rc uirul |l‘|1!.I'I!-- H

' h“*‘”"'” “']”m'" .13 "qu"I In M g“ ll‘. IhL|n ll]: Iuiuircd (luck urcu. - n -;_ ' ' '

g 1m-_.| duck ;m.'.'| 1- Li.]'l]d] In lnr 1-J; : g s ‘ ml‘ “..u.m »,-;_»|1-|r-_1[|_.\]1 W,, ... - . _- -_'gpu1'] ;1|"|L “ - -,-‘ “n 1_;-nail: must L.\L.LLd .u.rII. “L

qmrcms:ms .
o I‘!Lc dnuhl-: hnltum hclghl ts hr.'I\\u.I1 U and I.. nuurw

.~i1ahélin . .-_ _ . . 1 ' J II 111 ‘\1‘1’L‘dn 1hL
° T“? 1“‘**°‘ ""*""'1"3 '" H" m.""'m'm Ophmimnt-..L::li‘tI:l :;1c :I'th|[1l\.' cri-msnimum I'I.'s:|ulrL‘rm.‘l'lI da.‘iL'rII1Im:d an .n.mn Arm .

mm;

Sealuee in .u 1'r1uP5c;fiwcpiI1g rank is greater lhun Ihul Iflquarcci tor thy‘ 5F"-“”""j "“‘
~Iatc for smnnai shap upL'r.'IlIt'HI!~ and 31“ '1‘~‘[‘‘~‘‘‘T‘'_“’ ‘'5"”'‘““"" I

I The n'.1l1.Ir'.i| Pt-‘rmd of 11'“ 5-“ t3“'““~" um“ I!” p"'r")d Hf C[.]wu_mL.r 1 :f
0 Thu: nulural pcnud oI'I1cu\c I5 gn:.'m:r lhnn |2U"'n 0!. Iht. D-<-‘1'I"t *

uncnunicr n'.'is:\‘:m1 In h1:;1\c. I_:.. ship nr1c!'.1IL" In -‘~"-*F"~“‘-"""""‘| "“5"'mi if
0 Thc natural }’WTir1d 1*? ["|1‘-1‘ i-‘' .L’“-'‘'‘‘'’ 'h""_ tluw" Uf,[he P€.nm (

r.-ncnunlu:r r::I::\.-amt to pitch. i.c.. slnp operatic.-. 1n -‘-UI"*'r_‘-'”“f":‘1 “'7-gm“
U }"IL-c'h:'r.1I'd is. grcaulcr than liw n:quirs.'.d frcchnurd .1! Il'H\i'-il'l1p\

I-‘arm -
c The pr1s'.In:1lic cucfliuIc|1t is \\|f}1m ]1m:'l~_~ dclltictl by mt.‘ Sim‘-"d i°"1“h I-mm
- The L{‘F as at rm: u giusn :=cm‘n1-"age at“ M “W '15“
' The lurm c«'scIlin.'i::nl 1'c!dt:\m.~»I1i|1. (*1-‘f; (In
0 .‘\iiuirnu|'n and maximum \.-nluuaa fur:

:. 1:. I. 1;. L T. M). :51. I’ n. (1. "Lu. ti} <".- and '5» ‘-3

'|'hclnI|nwi!1_2 >-Ewtcm hound» l\"'”‘ ‘-3 X 2-; .‘\'""“'!: _ _
‘ -\|| \':1r|ah|u:~'-. ::.\u:cpl l..("B and l.L'F. must ho: pmntnvc

Thu Ttlllnuwng syslenu guuifi:
' The capilul coal I!~ equal In nr smaller than Ihc :::r_L’.‘-'1 "31""
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,-1 decisicttt-brts't'u' ctpprottr‘lt

The seakcepittg quality is c
The endurance speed powc
The mttxirnurrt sustained 5
target value

qual to or greater than the target value
ring is equal to or smaller than the targattm,
peed powering ts cquztl to or smaller ll‘l3.I1ll':

The displacement is equal to or smaller than the t ttrget value
The height between decks is equal to or greater I him the target t-alttr

M iitimi:9

The deviation function

Z:-,‘l'1ld'.rl’].....filrt".o"' I

intuitively, It library of such DSI‘
on relevant problem For exam

design could he used in conju ncti
And now to model the sub

mathematically in Table 8.2. Gen
Pmpcller design and machinery s
the total ship system. For exam

templates can be created and used witi¢l_t
ple. an appropriate template for prnptllcr
on with a multitude of hull form tetttplattt
systems as a coupled DSP as depioul
craliy. a ship's stthsystems[e.g,hul1des:gtt
election). are highly dependent in respect In
ple. the attribute ratings for the tttaciuntrl

selection are influenced by the geometric system wtriatiles of the shirt
length, beam. depth. etc. Similarly. the values of the hull goals are dczttnilffll
“Dan the machinery selected and the p-crformtlnce of the propeller. Essential-
ltiv this interaction is modeled by coupling the decision subsystems and or
establishing tt decision hierarchy. This form of interdependency and hin-
?"'°hY of decisions is typical of real-world design problems and has PM
addressed in (Smith ¢

_ ‘t’ m'., 1937]. The mathematical justificatioa for ill!‘
901-iD_lIIlg_is presented in [Karandikar at ttl'.. I991}.

With little imagination, it '

' R" "'73 Pfotieller su.bs_vstern the goals may lac:
-3 Achieve the d
0 Achieve the d

Finally,

t‘-‘sired elficiency: and
“ind malflhiflg ofthe propeller and ship thrufil '?""fl:"‘m5

the Pwpuision machinery subsystem goals could he:
" Mm"_"° “W desired capital cost-
0 Achieve the doiired machinery weight;

Tl: ltcitittrt s‘ttl7P"” P"‘l’l"”' """‘l'”'-(“W
tr‘ 1 _ .

~\chicvt: the desired volume Oi "W-'i‘l"‘-'1'-" ”'l""'“""”"
I

‘ ., -. v 2':.'.tl'lLi
a _'-\clI!L‘ltr.‘ thc d‘«”?"“d r‘"_1fl"fl. 1u ‘\£‘lliL‘\rC the tlcstred t‘€.‘ll.t I 1!}.

. 1 , .. ' ' i ' s'H.l':rtsandtht:

Tl“? -'“"‘"‘° ‘—"‘“"| l‘".".1 mnsmnntsi t-‘c:t.l-llf:‘i1n‘:Ir(?Il'lliTIlifLi:U(-llltlfilittn of"-‘n to
ti.~.'\igt“tI'1‘tt?l1l or spectlic goals :s[\t._I.I‘1t.,.]_n[-c5"irmm1 the gums are mm“-
Mbm‘ Huwmlfli whim lsufltslk;:it1int:iIJdl;LiC'tlI:S1ltl'C diisc:-trdehd. This leads" to at
L.“-_,t._-d together in at Mug _. _ . .

L't|l11p‘]Sll(.‘ det-i:tIi0" f""°".°n' _ . ..gr'et -ttatcntcnt of the wllpkd
5l°"l”li '° m“”_hcmam.§‘. ‘mi ll.'|ulii:Fl'l‘ll.JiEtilL‘Il1 would he sirnilttr to {hilt

hllll l‘Y"l’°l1°r"mChlncr:' 5”}:-I1 lmltttls on the wsttem \‘:1ril1h1<=S '39--
pmvidcd in Table 1 L Mltlt If Ear wn-gtrtiittts t'epre.~ac-ntittg httll
l|1l’'"~4r‘‘l*'(‘-3m''': ‘‘ ‘ .3 LI and -1|": La lInU9<{."Pt .1t'i+ to-.\'-c l.lfiIJ:X1t =('.'i.
gct'imClT)' “l'35‘En lm:I':_ ;1g;:t,r;,;g;;||v_ However. the nonlit1ear
ttt1t.l.\'~= (‘.19-T‘-‘ 93- - " ' . .. :. . icallv
constraints and guttlr; cannot be so I.‘it..‘:$l}" f°P""~"*‘“'*‘l' E"“'h 1" [W '
encodcti lfll ii SUI'i'|I‘l‘|l,lill'It|.‘-‘{2}: pl’: of mchrdcsign‘ detailed

lnthc oregotrIS- we -c - H ‘ _I. 0fh_ubSVm,m“hm
-In wordfi a decifiiftfl rem plate arid tite.t:t.t.-..\ed the mud; tn?“ I . W Eresult in concurrent design. Let L15 t‘tU“' 5111'” 0”’ *m°"mm m ' m
numerical examples

8.4.3 .-\ container ship cX8|'“P"-‘
. .. -- - » arkct

The Problem Stfiicmcfil fl" ‘hi-" """“""pl° '5 as mllm-W A‘_(‘;h(1l1([)1[1)crttt[.t1llll:.ftIrlnfittics
exists for transporting containers between N0 D‘-“TE” ‘ um ha‘; been made
:tpttrt..1t forecast of the operating 905“ i_""'-l "“”k'“ rlzlgln ‘f‘dfi'ircd A ma,“
and ‘c1 l5"-’i1 minimum rm‘: “f “mm 0" imcinmcm l is I” s new-tinttl and at
averascload lttctor is ttssumcd for the \'t.'S.*4€l Sl[1l.'tZ'Ill‘lt3'l'!1.'./ If : ‘ear Due to
larger cargo celpaiiiir will be "'-““"““"3' ‘“ "°”f’.m link.“ -0 tll:Ltyl't'tI;_'1 cargo
economic considcmll0fl5- ll“ ‘“""°r has spec“-led 3 shmllihi ewcielit
catiacitr of 650 TEUS ttwcno‘ 530* “*t"*"‘*‘°"‘ u.n“5Lw|lm:£'fIe.‘iliI1't‘lfI.‘ nl in..-
of it unit is assumed to be 30 tons. Determine an _in‘ttt.; -L5 m-“nor ‘hip
principal dimensions and associated ship t:i1al'£l.!JlCl'l.‘i[tt.‘.5 for .1 In “Lgin such service. Assume that the technical gt.\:,Lls stated [or the U: L I v

Achieve the desired deadweight to displaccrrtcnt ratio:
Achiet-e the target cargo c:.tpztctt_v of 650 TEUSI
.-tciricve the target GM of 2.0 meters:
Achieve only the classification freehoard:
Achieve the desired resistance; and

Achieve the target speed.

The economic goals for the design are:

' Achieve at least the target ROI of I5“/o: and
0 Achieve the desired vessel cast.
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algoriihm that n1ih.2.e:: Ihc __
-ind 5_l_c5uv.m (H

:19-5;. Tb: cmma

Slfiiifitatious of:[g¢j¢ [1-“R. GE

é 

lfvfl
.-1 dc‘; :'§i}'I'I'1-.51..‘.'-:.-;' ..ir‘_,"'-rn.'I...‘:F..'

A DSP tcmpiatz was :.Tc'*=r::-d jar '.
L.

.: ~. d:..".:~'mn such Eha: 3:1 cxnrr ‘t.h.[uugJ'1»'uI£ n:uanc»rm-.- .;‘i1.':r.=:-;-4.:-1-mm-.
Imsc-nng :r1fcv:'rr=;s:am: :.':.=uiu-_‘- rev -.u4i..‘r_:

the prc-ricilcr d:."_~:g_*1 Ii") u:~-.3; :1':.‘Tc:c:1. .:ig«-.'-
placed on .u'.‘hH:iing :1: in»? zhv: urge: RU} -
Int} sought W ac'rm:\': lhr: re.-.'.j
charactcnsuc data fr.-ms -_- par.-.
Ta?-I-: Ci._'«. (‘as-::~ I-crc :—-..n :'-.-.,v x
34 knots 355l!!'!’{lI‘.§ (Inc of me

   
 

ha":

1:‘ Ezsrgc: ~;x.-:4. T72 it:-r.;
i ..'.¢r_:.: .,'ap::.-:1) oi" t:_‘w": TEL"; gm:
.' .~:u.:i_'. -_.~.;.'=g '11-..~ IPSPL-1303;.

_u.~ :_vrgv.'-. :;v_-:.1'» --\.---
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9 Consunem dcsnga
l'H P Er.‘ 1.1:

I Dcsign of hull 0111'} mm :.-:;'-n-:-rm..- n F
-I Design of huil max; u11l-man -.-v.-c-n._:

of Hull and }'I’:'€-'f1i.'H<'_‘!‘ ua;'.*. c;.'«n..-mi; .'«7vm:d::.ar:n:-

  .1'.|\2'-.::'_~L:>.'.';'\: NH f":. or

mac. .:.v1*.e-2-3c.'.':?.:\=n_~' “H -:::_}_a‘'

Th: arms of '31: 321:1 {.\1"ci_-t'l'!T£'d ;r. Tgatxé: 5 F. -
O L B. T. D - mczcn.

0 C,. Hock cacfiFI:.1m: :.1':rn:r;n.:c=n.is':~~m.
0 SHP — mctnc hem-:';Icwx'r:r an 7h-3u.~..2:1-.15"
In ‘r'ls’. - t'cs§¢1.=petd knots.

I ROI rrturn or: mscstmen: as _- pa.-9.-.-m;;_::.
0 CAP cargn apaaty In "I [:1 A I

The subscqucn: pic-'.:- of H115 daza gr; Ln mg maiu. gwrt '-1‘--“—1—‘P“*"
W581?‘ F311"-3 W L05‘; ant‘. spccd Ifi L:'m!~_'~ an»: im_:t&: if. !'ct'E.
wrcr a range of speed-}cn_g:.h ‘.".3Iln l’n1;':'-_ Ii '2 1.: «TI-«F2 :_

 

 
 *‘.;:‘-. c.c:.'.'cs;I-at

Freud: numbers bc::s\'cx:a 0.3! and U2!
As a ftanmon crf the: mutant: ship DSP :c1’.1p‘.':'.t* us-:.£_ uh: p\‘*~'-”3i-

and ‘F! :‘ur.;?_\' :..::n.3:‘:-:s:'- 1;-. t*.;:~cd :3?! [hr Scfi-*5 “F-
I-‘OTK Bf Shahcz Ssh: rI‘?'-‘El. In ;-03:1-;~.1. ‘H P i-' -.15-six as .-:

1.'\'.!Iu:: ;~rr>.1ic'.-.c-:1 m:.-‘-I:-.'».: ;1r.'-;Iu-'~:=1 3) H“3""=' I 
oilmp and Mcnncn. E952, I-In-s:r:-;~.. ‘e‘-"Sit. ~'*~"U.5‘“3‘5 “T

B-«sc'rcuscm-.<.d;u-
J p-‘E-9-cnlcai 5."-"B Ow.- "—~':'n.:' .'u‘.n.‘§ mil’! '3'-"'''’''‘_ '

mu: rllodri uhcn T.I'.‘h'\‘L:‘1.i is: ‘H 1' .'-.2-J HPE. :~
- - other analym;-31 ca}

Wc'1I'lClud5 lhc

Wagcmnge-u   

C1.|L:1u1ns .'yl.t’:.' 1d¢n::......--' 3|.‘-u"—'!‘~k .~..':1‘!L':.-'EL'-': I
mntarncrsmp ctampir rm: Lo ziluszms =.L*.-c -és's'!.TT*

rithcr to drmonsirasc Ih: _1-‘rm;-=-:.«.< (+5 dx,-5'-. mn_2 3“
Tbndor: wc suggest t'.':3I the .1.-.24-3 re ‘Wm-J ~=_I:~':m—""-"""_Q“-ifllflanvd}. Nun
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only ussitres the tlesigner that the generated design: will not beextreoiiliiur.
Indeed. the tSx]'Icl'it.'[)(.‘(: and knim'lei.lgt: gniiied from past designs iilmftiygunifl
for directing the i:rt:tttion of a new design. but a new design should ttolhc
limited by past trends. A close zinailysis of the solutions gt-ncrtitcd Tnuilltc
made so its not to limit the design to the ordinary when the extraordinary;
called for and is possible. For instance. ila purliettlar design trend ctintirtm-.
is active in the final desigii for several. sliglttly \':lt‘tcd l1't0dI:i.\. then 3
examination of the I'C3!i{)I‘t5 for Iltis ltntitirtg tti:tii'iti' should be made I!
appropriate the limiting constraint should be relaxed to allow the dtklgnl-.1
move to another. perhaps more meaningful. limiting constraint.

A design trend constraint that was t:0rItt'.l.ttlt:nl

study was tL.'B)"““: it was set at 5,6. The l._ 8 ratio plotted against spun!-
lerigth ratio for each case is .~:htm-n in Fig. ttti. It is t‘ihsi:rved that ni::irlg.=;tIIoi'
the designs generated which include econutttic goal i.‘tIttslr£llI1'l.*.l'i'ii3'at1.t
‘HEP.-'E‘) are limited by t_L.»'B)""" One might correctly reastin that the
economic considerations are driving the design to at minimum lriigtlt
However. further irwestigutiuri is probably warranted in order to cstahtiil.
the true lower bound on tl....'B}. It is suggested under such t.IilCl.tn't>'lil|‘iEL'.i that
the active design trend constraint be treetted like ;1 .'\r|.'L‘()flt.iE£f_\' goal. Frillll-.1
dcsigncrfir: perspective. trends slioiild not be ad tiered to as $lt'iCt|_\' as ststctlf
constraints. but they sltould hi: allmw.-d to |'m:u_~; the problem. .»\.~ i1|il1.iIi
comment here. the use of trend data is extremely useful and is not uniqtietu
naval architecture. The same type of experience-based design is used an
almost all major engineering systems.

close

ly active in the pararnctnt
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E _ x 3 l
-I xi 2 3 3

5.80  _7 g i_' _ I.‘ _._.._qir—;3<-'2'.' .‘ :' : i

555 5 '

55¢ - -

on 0-75 use (3.35 D90 “'5

vrL-’rm‘ _

In 8'6 Lmslhtrbeam "- 9P€€d length ratio.

Tint {.I'f_I(‘f_5'jr)IJ Sttpp.=it'r prithletti ri:t‘htitt,ttit' [33

. .. - ; ;"‘1"\"tj|'i;ll1'L‘\3[

Ri'""'-'mhcnlng .”‘T'' H“: mm_uMI.I.L liluiiir ‘ii I-:t.1‘ljt"‘alri:q:‘it1I)Pl:itt&'idct§ fut
ltlto :4 kfi"‘-“'- " '5 "Md ‘lmi“lrL_itu1-4:4 -i\l t-tiht-} L’1'l(l of the .~nvt‘mIm-
"~"‘5"‘ “peak M D uflfimga I ll-I‘ -‘Iti wetl h-1~.et'l on tee|tnii:.'t| t:|lii:ii:rtt:_\
vtitisttictory -“““'“g“'m‘ um“ “M K ‘l:\i:'IIl ' the etplicit et-t-iiomic L’-“"1
alone. Wi11'l'-' V“-"“"" [M Ir-wt t.l”.1:"l“1'|t:'-'(]'~.lEl.IINILiUI-ilih I‘:ll'l1‘.L'. tlti: tteltieved
l1ttidUL’°‘1“'5”iH rm ‘Rises “I“‘i‘Li1‘i.H:i'iIi.:iII":I'|ldt.2 'I'lti~ Ph‘m*"n'“:m"‘ L‘ ‘kl-‘i’-“‘-"ti
-‘pads Mn: 5”“ cffcctwchl in .0. tvlldql ihvc -._-g_‘(lI'1('tI'1‘ll't.I.*i rat the scettttritt Silid.
Clem-V in mg‘ in..cl.YfCL :”d|'O‘:§|'i“t]:iti:ri\i at [his iiiltcr ettti til the t:[.‘L'L'lIuII1-
iii.‘ Iigftfltdilitjli'i.nE'i:'i::;|:‘ip:filn.t‘iTniC ‘lI:(.‘i‘ll1iL‘£ti t:|fii.-ienetea limited .-tpectl1 e "b s -

1.; ;|boLtt tit knots.
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Some other obsert-ztiions tire that at low speed IilliD!~. lht: tiriul ttusigiis
-,i_i_ plotted 9.9;,-m to indii;;iti,- l\|-‘U ]1r‘.‘5.‘ili'liC' .-tnlulions. at Ii:-nst with
in d,'mcnm,Im| ralitm 3". cgplfiirlllg the can-cergcnce htsttury. fut IIJL‘
iitiulitln llitnuglt not done hcrct. we could rx‘fl1i1l‘?‘_E*""_-““""' mniu

‘Tl-‘iltiht. This wintlii be pnrliettlttrly so if we “etc to Id€|_tll7}' L"«"""’~”'r:'El§
titbtequenees generated by the optimtxtitiott nlgttrilhttt. (_stt_en 1 tl-‘it
substiquences were identified. what l.ll‘1t'.'!-i this iI1‘i1“l.‘r t‘-‘ “"5 d""“g'wr' bu-up
It identities that the ‘;tItermtte' solutions are cqtttvalenl In terms of tll‘l~"d'l‘-‘-““
Illi nictisuretl lw the current deviation fitnetion: wliili: :11 the ‘lime mm
M"? tiinicnsitittzillv :tniJ Ii:CiIt‘1iCElii_‘<' dilfcrent. l[owe\'er_ this l'il(;l1““‘rfl."
could he re.-tnlt.'ed hy mtitlifying lhe current set 0f 8-'«"i*l5 hcmr .w rcififti
ttiu ticsigttcfs nspiraitions. In contrttsi. at the HIE?“-‘f’ "F"“"1 "‘_""'°‘1_i
3lll"€Hf-\' in be etim-'erf_:t:t'tL‘t.' tteross ttli SCI:]‘liHilC|.\' In it .‘iIl1L‘-1° -""-‘i1""""" um’ '5

 



IS4
A dittrisirttt-ltitsirii anrirtiiiuii

ctearly demonstrated by the plot of B_i'D
in Fig. 8.8. At low speed ratios. :1 B,-I) u
in higher speeds. a iiatiie oi‘ t.'t5. plus or
Further. at these liiglier speed riitiiis th
decrease B.-‘D HS spced—|cngth il‘lCl'C£l-5t'.'S.
wisdnm where depth irtcreascs at :1 fan

well-known that length is a very cxpcn
many estimates nfeost are based an Inn
beam generally increase resistiirice.
other hand tends to atfect consiructi

against speed-length riitiu as.5lm.,F
iuilher 1.5 or 3.0 is identified wink-
tninuis 'de|ta,' is strongly suggniit-d
ere is still an observable audit.

This is in keeping with mn\'ert|i'iiii_:i;
ter ritte than beam or length. Il:i
sire parameter to increase lntlced

gth illtlllc. Increases in iCngli1'ii.I'l1.l.,\]'
The eliect of increasing depth an ill:
on costs only.
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Finfiuit. to lend further evidence to the claim that the model is reétfiitflflm‘
‘W Pmliminary design studies let us examine the trend in lhl: disPl3“"“"”.“
‘.:h”_""“?‘*‘El5tics..Siuee.the cm-ner requires a fixed eetpaeitv or 650 TEU-51 if”
‘m“i“"°l3" Obvious that if this is achieved displacement will iriicreasc Wl‘

° hiflher resistance. larger engines and greater Incl bunlfl‘
*3» This trend. is inctnnnt evident in the modal HS shoIh'I1|'l-1 Ft!
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. . . .- .- - [(').\i'its SOME CDMl'lill:l\.'iS UN tMt>1_t.Mt_.tvTAT

. . -- i -illed the

decision ':ill.p'p1[}l'| rIr:bl;I‘iri 'lCCl'lil':iaL.:‘:.‘l“C;“(R ::r d". or mumpk,
iiiic res -ct tiroug I L’ -‘IIIW-' ' " ' _ . - . .3,“-JdL.,;,,;,D,,Tt5cc 1:'.g‘ mi in iinuttier respect. all dirctblon.rt1Oti:L‘l‘r;;]‘::I|:I1:[-ifilcnlq
derived. inherently integratti: the required ;trtti1}'?“-5 “-"d_”’;‘lFt fhlb‘ TahI'L_ Sill
vi dcstgn and Ihcrchr suprwrl =‘“m'"""'“ ""‘“'g" ;{L’l]f\tIiIi:‘i§‘li'n<:\‘iIuS hm:
(jenicreli Cxpflfilitmf Willi ml‘ “PPma":h across :1 mnj-tfii hli ihried herein itnil
my enwumging TM.‘ .5 m.,.[,_.|-ll-,¢EL1 hi; tit: |ii\&‘I.1f3PiL ig L-
ihnsi: case studies cited thmug 1 9 "3 '3“: _""’_ _' ‘ , _ . 3

Thu lkwiopumnl and ‘.a}id;1Ill.3Il. iii signilieunt (i¢...(.1tiI-t'II'lr-t‘l'Ilil}(!it-.;i.‘ac lisn
ntin-trii-iiil task and as with any I1'I0t1t‘1l"t=’ t’Wk‘l—"-‘~!i. the 1;_t\l.' cl 35‘: :1:-el:»p—
garbage out‘ apptics. For mcziningful re:iu1ts._;z cnm_fljIN1j‘:T ’||L_“im N
men: of the appropriate tar-I-1'-ox for it l10“"‘*“‘ _"5"_""'l“‘ hf: ‘ 9 “Tl Efnmmm
mandatory. This is partiisulrtrly true duritig the trttttttl lJ5PT Cm‘! Mar-ml
tthzteie within an organization while the dninuiii !\p¢,‘Cl.i1l.T :l!‘lil—l};'l? m_L_mC.l;-0;‘
In developed into :1 modular and DSPT usaihle [(‘|1”fl‘t.'l—"Lll'1‘;-I-"—I;: 1- mm
Pfitgrams that |Jf'lt..'(‘1I.I!'Elg(‘ people to learn how to COD‘? “-"ml 3“ “_ H‘ :”1“'‘_
ol change need to he developed. Desigiiern need. to learn t1ct\\d_ it \_ Erma
itlliustmei-its in their persunal and or ¢>rg¢l“'“"""‘ 5 dag.” Dim ikiiiird in
best practices. We are all creatures of hzthil. But. ti-'1: flilifillbb ll"""P“““ thc*"3“l'It and merge new ideas in order in survive. We believe that 0I'lLl-
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tools and thought proccs-acs an i-- ' ‘ I: place. fruit from [h
designing complex artifa<.‘t5 should be quicklv C mmwnni -‘Refforthcoming.

8.6 (3 LOSSAR Y

 
Decision-based desi . . , _ _ _

Dfhum 1988; I0 Lmphasizc a perspective iurdfist‘lSlI‘.Jn su on m , _ . ‘ . _

siOn_bnse§’f:-lesigfi [h:lE;rI1crlc:l.::‘:J1|¢h]';ii:t:I‘)S lax‘: impicmcntutitin of dam»
Compromise -a Pfinlarv USP ‘hE.d:,Ic- _ _. .‘ihuP°i=:i:i'.. i9i:i8j.

, combination) of dusig}; ‘.an._1h]c\_ m:.d¢‘1’_F'.“_‘t‘:tion of the righl'\._,m“_..[
design with respcul to ._~‘-_,[Nr‘m .. I d curl the host sallsficing s_1s1¢-_n

Derived DSPS a mmbim;“mIntaIan _ n-iuitlplc Efiflifi.
dmsion‘ mg.‘ scIMiOnHie]wi0:‘» Pl'lm.:F_\’ pSPs Io mo_dci a wmplu
tionrrmmpmmise dccisidlgq (Smm-I t['::1._‘r-1r<(;Jm_:sc..'compromIsc and scizt,
(11,, I989; Kanmdikar '98"? B. I‘ -' -. . rnlth rt mi. 198?; Bascanuh;

Mcladesigniamelalevci '. asnarin. _l‘)90}. I
ing the system an ru“(l:3[fi((.;LL‘SS.nf ¢'iu‘_35'-.Ig_l'IlI!g .=;ysten1_s that rnciuties pumm-
decisions and planninlm.lIl.,PslfIlLICIi1lIlg ilk: design pfciuess iriio a semi

Designing: a process [L L hL(:]UEl?CC In “.-hlmh li'|CScdE'ClSlIJnS‘\&’I1ii5CrDaL’K
and wquim 0 °°“""“'"nE lnl'nrm.-man that charnclcnacsthenraia

mcnts for as product into knowledge about :1 product.
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Concurrent optimization of

product design and
manufacture

t’l’l'rt.y¢tIttl(o‘ Yrishitttttrtt

9.] lH'I'RODll(""l'ION

ltecentl_\‘.1hc circumstunccs in product design :1l1t.l manttfztcturing of machine
products have greatly changed. The times in Wl'IlCl't computer-ztadcd syielcmté
such as computer-aided design ICADL computer-aided manufacturing IL AM).
computer-aided Engineering (CA1-it and computcr—uided prmfss Pl%||1|'“|'|l1

ICAPPI were independently developed are changing to um: in w_'I1is:h these
fields are integrated and produm design and munnfuctttriug art: rt=lI0|‘|i1ll.V and
ctlicicntly conducted using computer sytttcms. So. CIM |C0|11PU"~”‘i“i¢l!1"-“*1

manufacturing], concurrent engineering |Bru.?ict' and Leonard. I990: Htttig.
l'1l‘ll)itIttd simultttneous engineering [Fu_1t'I:m;tt1. 1939] iiiilfe iluffil-‘T-Cd 5l"l‘3'-‘ml
tntercst recently. The major goals of tltcsc tcchnologtcs are to realize htgltcf
product pcrfoontmcc. lower manufacturing cost. shttrlcr icfld Tim? and "UH"

million Ufa variety of lot-wyolumc production systems. etc. tl-litomi. llJ79t.
This chapter describes fundamental methodologies for cont-‘I-|Fl'¢T1ll}' 0P1"

ntizing decision making items concerning product design and manufactur-
ififir C-0I1EuI'TI:nt optimization is at key for realizing H product having higher
Product perfonnancc and lower product numufactttrintl 9"“ fmm 31 2'05“
ticwpoinl.

9.2 FLOW AND RELATION OF RESEARC!-l AND l)I€\t'ELOPMlFN'l".
PRODUCT DESIGN. MANUFACTLJRING AND

MARKETING DIVISIONS

Figure 9.| shows it conventions! product manufacturing flow of research
and tlcvclopmcnt. product design. manufacturing and marketing and the

 


